Introduction
Pharmacological approaches to the treatment of hypertension have focused on the use of drug therapies such as diuretics, beta-blockers, calcium channel blockers and angiotensin converting enzyme (ACE) inhibitors. More recently, a new class of orally active antihypertensive drugs has been discovered that specifically blocks type I angiotensin II (AT 1 ) receptors. 1 Valsartan is a new, potent, highly selective angiotensin II AT 1 receptor antagonist belonging to this class, 2 which has been shown to produce clinically relevant and statistically significant decreases in blood pressure (BP) and to be well tolerated at once-daily doses of 80 mg and 160 mg enalapril, 5 lisinopril 6 and hydrochlorothiazide 7 in the treatment of mild to moderate hypertension. These studies have also shown valsartan to be very well tolerated with a good risk:benefit ratio, and without the side effects characteristic of the dihydropyridine calcium antagonists, ACE inhibitors or thiazide diuretics.
Although a single antihypertensive agent is considered to be the ideal in terms of convenience and compliance, many patients with essential hypertension require a combination drug regimen. 8, 9 Hydrochlorothiazide (HCTZ) is a thiazide diuretic which is commonly used for the treatment of essential hypertension, at recommended doses of 12.5 mg or 25 mg. 10 In published clinical studies, HCTZ has been shown to act additively in combination with several classes of antihypertensive medication. [11] [12] [13] [14] In addition to its diuretic effect HCTZ is known to activate the renin-angiotensin system. There are therefore theoretical reasons why a combination of HCTZ and an angiotensin II antagonist may offer a highly effective and well-tolerated combination regimen.
The current study was therefore designed to investigate whether the combined use of valsartan and HCTZ would offer a regimen that has greater efficacy than these agents as monotherapy, and to determine the tolerability of this combined regimen.
Materials and methods

Patients
Male and female out-patients aged over 18, with uncomplicated essential hypertension, were eligible for randomisation into the study. Patients were required to have a mean sitting diastolic blood pressure (MSDBP) of 95-115 mm Hg and a difference in MSDBP between enrolment and randomisation not greater than 10 mm Hg. Patients with a history of heart failure in the preceding 6 months, second or third degree heart block, concomitant angina pectoris, clinically relevant arrhythmia, clinically significant valvular heart disease, hypertensive retinopathy grade III or IV, a history of hypertensive encephalopathy or cerebrovascular accident, confirmed hepatic disease or renal impairment, insulin dependent diabetes mellitus, proven or suspected sodium depletion, gastrointestinal disease in the preceding 3 months, or a history of gastrointestinal surgery or disease that could interfere with drug absorption, were all excluded from participation in the study. Female patients were also required to be either post-menopausal for 1 year or surgically sterile, with fertile women required to use effective contraception and show negative serum pregnancy tests at the start and throughout the study.
All patients gave written consent to participate in the study, which was approved by a local Institutional Review Board. The study was performed according to Good Clinical Practice Requirements.
Study design
The study was performed in several major centres in the United States as a randomised, double-blind, multiple dose, placebo controlled, multifactorial, parallel trial. After an initial antihypertensive washout period of a minimum of 2 weeks, patients were given single-blind placebo treatment for 2 to 4 weeks. During this period, placebo responders were identified and excluded from study participation, and patients were acclimatised to the daily therapeutic regimen. Eligible patients were randomised into one of nine double-blind treatment groups, and received a once-daily oral dose of either placebo, valsartan 80 mg or 160 mg, HCTZ 12.5 mg or 25 mg, or a combination of valsartan (80 or 160 mg) with HCTZ (12.5 mg or 25 mg) for 8 weeks. Study drugs were packaged in double-dummy fashion to maintain blinding, with each patient taking two capsules per day at 8 am. Valsartan 80 mg and 160 mg were supplied as capsules of identical appearance. HCTZ 12.5 mg and 25 mg were also supplied as identical capsules, but different in appearance from the valsartan capsules. Placebo capsules matched the valsartan and HCTZ capsules in appearance. Patients were assessed once during the placebo treatment period, again at randomisation, and then at 2, 4 and 8 weeks of active double-blind treatment. Scheduled visits were made in the morning, after a 12-h fast and before the study medication for that day was taken, to provide trough BP measurements.
At each visit, systolic and diastolic BP, pulse and weight were recorded. Blood pressures were measured by the same clinician in the same arm using the same sphygmomanometer each time. All BP measurements were made using WHO criteria, 15 to the nearest 2 mm Hg. For diastolic pressure, phase V (disappearance of Korotkoff sounds) was used. Three measurements were taken at 1 to 2-min intervals after the patient had been sitting for 5 min. Then the patient was asked to stand for 2 min, and one standing measurement was taken. The pulse rate was also measured for 30 sec immediately prior to BP measurements, once in the sitting and once in the standing position.
The primary hypotheses were that the combination therapy was equal to each of the component monotherapies vs that they were not equal. The primary efficacy variable was the change from baseline in trough MSDBP. The secondary efficacy variable was the change in trough mean sitting systolic blood pressure (MSSBP). Other efficacy variables included responder rates (percentage of patients with trough MSDBP or Ͻ90 mm Hg, or a у10 mm Hg decrease from baseline), change in standing systolic and diastolic BP, change in sitting or standing pulse rate, and change in body weight from baseline.
Safety and tolerability were evaluated at each visit by physical examination and direct questioning. Standard laboratory analyses of complete blood chemistry, haematology and urinalysis were performed at week −4, baseline and at the final visit after 8 weeks of double-blind treatment. A 12-lead ECG was performed at baseline.
Statistical analysis
It was calculated that a sample size of 765 patients (85 completed patients per treatment group) would be needed to detect a 4 mm Hg difference in MSDBP between treatments at the 0.05 level (two-sided) with 90% power, assuming a standard deviation for MSDBP of 8 mm Hg. 16 The primary efficacy analysis was an intent-totreat analysis conducted on the dataset of all randomised patients who had both a baseline and posttreatment measurement of the variable of interest.
The treatment groups were compared for baseline comparability by sex, race, medical history and previous antihypertensive medication using the Cocran-Mantel-Haenszel chi-square test, with the F-test used for age, height, weight and duration of hypertension. Baseline comparability for the pri-mary, secondary and other efficacy variables was also performed using the F-test.
The primary and secondary variables were analysed using a two-way covariance model with treatment and centres as factors, and baseline measurement as a covariate. Both treatment-by-centre and treatment-by-baseline interactions were included. The two-sided t-test was performed for each of the between-treatment comparisons at the 0.05 significance level.
Responder rates were compared by means of a one-way logistic model. All randomised patients were included in the descriptive safety and tolerability analysis.
Results
Patients
A total of 871 patients were randomised into nine treatment groups. Demographic characteristics and medical history were similar in all nine treatment groups, as were baseline measurements (Table 1) . No statistically significant differences between treatment groups at baseline were found. The majority of study participants were white (75%), with 14% black and 11% of other race; 58% were male, 42% female, and the patients' age ranged from 22 to 86 (mean age: 52 ± 11.0 years). The mean duration of exposure to study drug among the nine treatment groups was comparable, with a range from 50 to 57 days.
A total of 792 patients completed the trial. Seventy-nine patients discontinued study drug medication prematurely. Of these, 41 patients discontinued because of adverse experiences, nine for unsatisfactory therapeutic effect, seven because they did not meet protocol criteria, two for non-compliance, 15 because they withdrew consent, and five because they were lost to follow-up. The number of patients included in the primary efficacy analysis at end-point was 865 (six prematurely-discontinued patients had no post-randomisation measurements).
Efficacy
The intent-to-treat results are presented here. All the combination treatments and all the active monotherapies showed clinically and statistically significantly greater reductions from baseline in MSDBP at end-point compared with placebo. Similar results were obtained for MSSBP, the secondary variable ( Table 2 ). All the combination treatments produced a clinically and statistically significantly greater reduction in MSDBP than the corresponding monotherapies ( Table 3 ). The placebo-subtracted changes in MSDBP for each of the four combination treatment groups were greater (0.2 to 1.5 mm Hg) than the sum of the changes from baseline for the respective monotherapies. No statistically significant interaction was observed for treatment-by-centre, or treatmentby-baseline. Standing systolic and diastolic BP also decreased statistically significantly in all active treatment groups compared with baseline. The decreases were consistent with the results for sitting systolic and diastolic BP.
The percentage of responders in each treatment group is shown in Figure 1 . All active treatment groups showed a statiatically significantly (P Ͻ 0.001) higher response rate than placebo (29%). The response rate for the combination treatments ranged from 64 to 81.
There were no observable statistically or clinically significant differences between treatment groups in sitting or standing pulse rate, or in body weight when compared with baseline values.
Safety and tolerability
Study medications were generally well tolerated in all treatment groups. Of the 871 patients random- ised, 867 patients were included in the safety analysis. Four patients were lost to follow-up and had no post-baseline adverse experience (AE) data. A total of 464 patients (53.5%) of the 867 included in the safety analysis reported AEs (irrespective of relationship to trial medication) during the trial. The group receiving valsartan 160 mg showed the lowest incidence (43%), while the other groups had proportions (53-57%) similar to that for placebo (52%). A total of 189 patients (21.8%) reported AEs that were considered by the investigator to be at least possibly related to the study drug. The percentage reporting drug-related AEs ranged from 30.9% (combination valsartan 160 mg + HCTZ 25 mg) to 14.4% (valsartan 160 mg group); see Table 4 . The commonest drug-related AEs reported were dizziness, headache and fatigue. The highest incidence of dizziness was reported for the valsartan 160 mg/HCTZ 25 mg (10.6%) treatment group compared with 5.4% for placebo, and the lowest incidence (1%) was reported for valsartan 160 mg monotherapy. Headache occurred most frequently in the placebo and HCTZ 12.5 mg group (10%) compared with the other treatment groups (2-6%). There were no statistically significant differences in the inci- AEs considered possibly, probably or highly probably related to study medication by investigator. P = placebo; V80 = valsartan 80 mg; V160 = valsartan 160 mg; H 12.5 = HCTZ 12.5 mg; H 25 = HCTZ 25 mg.
dence of dizziness, headache or fatigue between any valsartan or combination treatment group and placebo. The drug-related incidence of cough was similarly low across all treatment groups. There were nine serious adverse events reported, regardless of relationship to trial medication: two reports in each of the HCTZ 25 mg, valsartan 160 mg/12.5 mg, and valsartan 160 mg/25 mg treatment groups and one report in each of the valsartan 160 mg, HCTZ 12.5 mg, and placebo treatment groups. However, all but one of these (a woman on valsartan 160 mg/HCTZ 25 mg, with orthostatic hypotension and dehydration) were considered unrelated to the study drug treatment. Overall, the number of patients with changes in laboratory parameters was small, and the majority of these changes were clinically insignificant and not considered by the investigator to be study drugrelated (Table 5) . A slightly higher percentage of patients demonstrated an increase in serum potassium of Ͼ20% in the valsartan 80 mg group (10.2%) compared to the other treatment groups (1-6%).
Discussion
Although other forms of dual therapy (eg, betablockers and diuretics) are known to be helpful in controlling BP, this is the first report showing the efficacy and tolerability of combined therapy with valsartan/HCTZ in the treatment of essential hypertension. The results reported in this study are in line with those reported for HCTZ given concomitantly with some other antihypertensives, including losartan. 12, 17 A combination of valsartan and HCTZ in the doses used (valsartan 80 mg/HCTZ 12.5 mg, valsartan 160/HCTZ 12.5 mg, valsartan 80 mg/HCTZ 25 mg, valsartan 160 mg/HCTZ 25 mg) was more effective than each of the corresponding monotherapies (valsartan 80 mg, valsartan 160 mg, HCTZ 12.5 mg, HCTZ 25 mg) at reducing mean systolic and diastolic BP in patients with essential hypertension. The difference between combination treatments and corresponding monotherapies was clinically and statistically (P Ͻ 0.05) significant.
The addition of HCTZ 12.5 mg and 25 mg to valsartan 80 mg or 160 mg was generally well tolerated. The higher doses of the combination produced a slightly greater incidence of dizziness compared to valsartan monotherapy. As expected, hypokalaemia associated with the use of thiazide diuretics was more commonly reported in the higher dose HCTZ 25 mg groups, as were increases in (blood urea nephropathy) (BUN). The combination treatment groups had a smaller incidence of decreased serum potassium compared to HCTZ 25 mg monotherapy. It appears that the different effects on serum potassium of valsartan and HCTZ may balance each other in many patients. In other patients, one or the other effect may be dominant. In addition, greater diastolic BP reduction was observed with valsartan 80 mg/HCTZ 12.5 mg and valsartan 160 mg/HCTZ 12.5 mg compared to HCTZ 25 mg. Therefore, patients whose BPs are adequately controlled with HCTZ 25 mg daily but experience hypokalaemia may achieve similar BP control without electrolyte disturbance if they switch to valsartan/HCTZ 80/12.5 mg or 160/12.5 mg. Combination therapy with HCTZ therefore extends the clinical utility of valsartan, providing a way to tailor therapy more closely to the individual patient's requirements.
